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ABSTRACT 

Each  element  of  a  ballistic  missile’s  payload — warhead,  guidance  and 
penetration  aid* — will  increase  in  effectiveness  with  an  increase  of  weight 
allocated  to  the  element.  For  a  missile  that  is  to  be  enployed  against  a 
defended  "point*  target,  this  paper  presents  a  method  for  determining  the 
optima  division  of  the  missile’s  payload  between  the  three  competing  (for 
weight)  elements,  when  their  individual  weight-effectiveness  relationships 
trt  known.  For  the  case  of  a  single  missile  per  target,  using  a  most  basic 
application  of  the  stepwise  optimization  philosophy  of  dynamic  programming, 
the  problem  1*  formulated  aa  a  two-stage  weight  allocation  process.  Hie  first 
stage  determines  the  optimum  tradeoff  between  warhead  (lethal  radius)  and 
guidance  (CXP) :  the  second  stage  determines  the  optimum  division  between 
penetration  aids  and  an  optima  mix  of  warhead  and  guidance.  The  simple 
arithmetical  method  that  results  is  demonstrated  by  an  exasple.  Hie  same 
optimization  process  is  useful  for  the  cases  of  sequential  end  simultaneous 
multiple  missile  employment  per  target.  Although  this  design  optimization 
problem  can  be  solved,  functionally,  for  the  modes  of  missile  employment 
considered,  its  applicability  to  a  real  allocation  problem  is  confounded  by 
the  design,  intelligence  and  employment  estimates  required  in  the  analysis. 

Use  of  this  method  could  show,  however,  the  influence  of  the  estimate  uncer¬ 
tainties  on  the  optimal  payload  division  and  could  thereby  serve  as  a  useful 
point  of  departure  for  design  coeprcoises. 
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Whan  determining  the  design  parameters  of  an  item  cf  equipment,  It  is 
often  desirable  to  employ  a  quantitative  model  that  describes  or  predicts 
the  equipment's  capability  or  effectiveness  in  terms  of  the  relevant  parame¬ 
ters.  Obis  model,  eaaeti— s  relatively  crude,  would  afford  a  means 

of  determining  the  optimum,  or  nearly  so,  set  of  design  parameters.  Ballis¬ 
tic  missile  payloads  are  a  case  in  point,  where  one  convenient  model  of 
effectiveness  is  the  missile's  potential  capability  to  survive  enemy  defenses 
and  daaage  or  destroy  what  is  called,  a  hardened  "point"  target.  For  this 
model  of  effectiveness,  the  missile  payload  design-parameter-optlnization 
process  is  a  single  numerical  procedure.  It  is  developed  and  demonstrated 
in  this  paper. 

Each  element  of  a  ballistic  missile’s  payload — guidance,  warhead,  and 
penetration  aids — will  increase  in  effectiveness  with  an  increase  of  weight 
allocated  to  the  element.  Ihe  ability  to  destroy  a  "point”  target  is  depen¬ 
dent  an  tbs  ability  of  the  missile  to  impact  within  the  lethal  radius  of  the 
target.  This  destruction  capability,  therefore,  is  dependent  upon:  (a)  the 
guidance  accuracy,  which  can  be  defined  as  a  function  of  the  guidance  system 
weight,  and  (b)  the  target  lethal  radius,  which  for  a  fixed  target  hardness 
can  be  defined  as  a  function  of  the  missile  warhead  yield,  which  in  turn  is 
dependent  upon  the  warhead  weight. 

Ihe  ability  to  survive  the  enemy  defenses  is  dependent  upon:  (a)  the 
offensive  tactic  employed,  (b)  the  types,  characteristics,  and  numbers  of 
the  penetration  aids,  (c)  the  type  of  defense,  its  strength,  and  its  ability 
to  cope  with  the  penetration  aids.  To  determine  the  probability  of  surviving 
enemy  defenses  as  &  function  of  these  several  variables  is  indeed  a  difficult 


P-1339 

2 


task  sad  is  presently  confounded  by  many  technical  and  operational  uncertain- 
tie*.  However,  persons  studying  this  penetration  problem  feel  that,  to  a 
first-order  approximation,  the  ability  to  survive  I  CBM  defenses  can  be  des¬ 
cribed  as  &  function  of  the  weight  devoted  to  penetration  aids. 

Starting  vith  the  veight-ef  fectlveness  relationships  for  each  of  the 
competing  (for  veight)  elements,  lie  problems  of  determining  the  optimum 
division  of  payload  for  both  single  and  multiple  (sequential  and  simultaneous) 
missile  esployaent  per  target  'will  be  formulated  and  solved  using  a  most 
basic  application  of  the  stepwise  optimization  philosophy  of  dynamic  program¬ 
ming.  The  simple  arithmetical  method  that  results  will  then  be  demonstrated 
by  an  example.  Following  that,  the  uncertainties  surrounding  the  true 
operational  context  and  the  difficulties  of  making  precise  pre-design  per¬ 
formance  estimates  will  be  considered  to  indicate  more  clearly  the  limitations 
on  the  utility  of  the  method  developed. 


8I3GLE  MISSILE  PER  TARGET 
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PBOBLSM  PjgMUIAgggg 

A  fixed  missile  payload,  W,  is  to  be  divided  among  three  systems, 
guidance,  warhead,  and  penetration  aids.  Ibe  weight  allocated  to  each  system 
must,  for  physics!  nnd  operational  reasons,  satisfy  Base  minimum  requirement. 


guidance. 


v  > 
S  ~ 


warhead, 

penetration  aids. 


v  > 
P  ~ 


V 

V 

o 


V 

o 

•  o 


and  be  at  levels  such  that  the  total  payload  is 


U 


v 

g 


+  V 
V 


+  V 

p 


The  intent  of  the  allocation  is  to  maximize  the  missile' a  potential  offensive 

effectiveness,  whicn  Is  defined  as  the  probability  that  a  missile  destroys  a 

* 

particular  defended  point  target.  neglecting  reliability  considerations, 

as  it  is  assumed  that  each  element  will  be  made  as  reliable  as  possible  for 

** 

a  given  weight,  this  measure  of  effectiveness  is  given  by 


•* 

In  general,  the  effectiveness  of  each  missile  of  the  type  being  designed 
is  to  be  maximized  with  respect  to  the  characteristics  of  a  particular  class 
of  targets. 

## 

Depending  an  the  use  made  of  this  design  aid,  the  weight  estimate  em¬ 
ployed  in  the  analysis  should  either  be  sufficiently  gross  so  as  to  allow 
far  minor  changes  in  design  for  reliability  ixqiroveocnt  purposes  ( preliminary 
design  of  new  system),  or  sufficiently  precise  that  no  changes  in  equipment 
are  likely  (marriage  of  off-the-shelf  items). 


where: 


p  a  P  (the  missile  survives  enemy  defenses). 

S 

*  P  (the  missile  falls  within  the  target  lethal  radius),  i.e. ,  the 
single- shot  kill  probability. 


These  two  probabilities  are  independent,  and  both  are  functions  of  their 

weight  allocations;  pB  is  a  nonotonically  increasing  function  of  w^;  and 

is  a  nonlinear  function  of  v  and  v  .  The  payload  division  problem  shall  be 

6  ^ 

formulated  and  solved  using  a  two-step  dynaaaic  pa  ogrmm i  ng  stepwise  optimi- 
tation  technique  that  for  this  problem  is  simply  a  directed  search  over  com¬ 


binations  of  allocations. 


METHOD  0?  SOLUTION 

The  first  stage  in  the  allocation  process  is  to  examine  the  tradeoff 
between  guidance  accuracy  and  warhead  yield  and  determine  the  levels  of  v 
and  v^,  which,  for  Mich  fixed  weight  assignment  will  maximize  p^.  For  a 
circular  noraal  impact  distrlbx;tian  and  assuming  a  "cookie- cutter"  destruction 
distribution,  is  given  by 

-(LR/CS?)2 


where 


LR  is  the  lethal  radius  of  the  target  hardness-missile  yield  combination, 
and 

CEP  is  tie  circular  error  probable  of  the  impact  distribution. 


The  "cookie- cutter"  destruction  distribution  assumes  a  dichotomy  of 
lethality  due  to  blast  damage  from  a  nuclear  weapon:  targets  of  a  given  kard- 
ness  that  lie  within  the  lethal  radius  of  the  weapon  are  destroyed  while 
targets  outside  the  ’’tthal  radius  (or  “cookie' cutter")  arc  not  even  damaged. 
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Far  each  level  of  V  v 


v  ,  let 


Vv) 


-(1R/CE?)2 


V  >  V 

S  —  Sr 
v  >  v  c 

V  -  V 


where 

W  -  v  +  v 

g  v 

Due  to  the  fom  of  the  function,  the  problem  of  finding  that  combination 

of  v  and  v  „  that  rafud sizes  p,  (W)  can  be  seen  to  be  the  same  as  f indin.  the 
g  v  - 

maximum  ratio  I*R/CEP  for  the  given  W. 

3y  letting  the  functions  defining  the  LR  and  C5?  be  Iil  =»  h(  v^),  and 

CE?  =  g{v  ),  the  oroblem  becomes;  find  those  levels  of  ir  and  v  ,  that  maximize 
g  v  S 


f(v)  = 


k(vv) 


subject  to 


V  >  V 
6  ~  6. 


v  >  v  ,  and 
v  —  v  7 


v  +  v  =  W 


Then,  far  the  iaarirara  level  of  f(vf). 


-[f(w)  max]' 


p^V)  -  1  -  2 

If  h(v  )  and  g(v  )  were  veil  behaved  and  differentiable  throughout  their 
v  g 

range,  then  analytical  methods  could  be  employed  for  this  problem.  His, 
however,  need  not  be  the  case,  as  these  dependencies  could  be  described  by 
step  functicc.  s,  or  indeed  ray  be  Just  several  discrete  values  representing 


several  existing  designs. 


For  discrete  levels  of  v  and  v  ,  because  of  the  fora  of  f  ( W) ,  this 

S 

allocation  problem  can  be  readily  solved  numerically  using  a  simple  and  fairly 

rapid  search  over  the  range  of  c  eel  illations  of  v  and  v  possible  for  each  W. 

v  g  - 

Formally,  this  search  process  is  a  basic  application  of  Bellman' s^"^  method 

of  examining  a  series  of  successive  approximations  in  policy  space.  'This 

method  shall  be  demonstrated  by  an  example. 

Saving  obtained  p^.(  <0  for  several  levels  of  W,  this  inforaaticn  can  be 

utilized  to  find  that  level  of  v  vhich  will  gi/e 

? 


P(W)  = 


max 

v  <  v  <  W 
v  -  v  - 
*  o 


t8<vp)  V"  - v-,>] 


This  second-stage  allocation  problem  can  be  solved  by  examining  the 

J 

range  of  poesible  allocations  to  and  an  optimal  combination  of  v  and  Vy 


For  each  level  of  (W  -  v  ),  the  combination  that  yields  the 

P 


p,.  is 


known  term  the  first-stage  of  the  problem  and  therefore  the  combination  of 

(V  -  v  )  and  v  that  yields  a  maximum  oroduct,  for  each  level  of  V.  is  the 
P  P 

optimum  combination.  The  optimization  method,  vhich  is  similar  in  nature  to 
that  employed  in  the  first  stage,  will  also  be  demonstrated  in  the  example . 


A  discrete  approximation  is  employed  if  the  functions  are  continuous . 

4Hfr 

If  more  than  one  defense  node  is  anticipated,  pn(v  )  could  be  the 
result  of  an  appropriate  rub- optimization  process.  *  ^ 


MULTIPLE  MISSILES  FEB  TARGET 


SIMULTANEOUS  ggLOYMSHT 

The  preceding  analysis  was  based  upon  the  use  of  a  single  varhead  per 
missile  and  a  single  missile  per  target.  If  multiple  aissiles  of  identical 
design,  each  vith  a  single  varhead,  are  employed  simultaneously  against  a 
target,  it  appears  reasonable  to  employ  as  an  objective  function,  that  is  to 
be  maximized 

s  ?  (&t  least  one  of  n  missiles  survives  and  destroys  the  target). 
Assuming  nan-correlated  impact  errors  and  non-additive  destruction  effects. 


this  can  be  written  as 


1  -  (1  - 


(n) 


,n 

pk5 


where. 


In) 


p  '  a  ?  (survival  of  each  ml86_le  when  n  are  simultaneously  employed), 
s 

By  inspection  it  can  be  seen  that  ?E  vill  be  a  maxi  nun  vhen  pg^n^p^.  is 

a  naxiaua.  The  I evel  s  of  /  ,  v  ,  and  v  that  naxinize  n  can  be  obtained 

g  v  p  *  s  *  h 

(n) 

as  before,  vhen  n  is  known. 

*  s 

No  restrictions  are  neceesary  on  the  form  of  pa^  for  this  analysis,  but 

o 

if  multiple  aissiles  are  employed,  simultaneously,  they  should  add  mutual  sup¬ 


port  to  each  other  in  penetrating  the  enemy  defenses.  It  appears  plausible  to 
expect  that  since  the  effectiveness  of  penetration  aids  can  be  expressed  in 
terms  of  pounds  of  aids  employed  for  a  single  missile,  the  same  type  of 
relationship  can  be  defined  for  multiple  missile  employment.  Where  the  pre¬ 
ceding  aaalysis  implicitly  esployed  one  curve  describing  p  as  a  function  of 
Vp,  multiple  varhead  employment  would  lead  to  a  family  of  curves  such  as: 
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Number  of  missiles 
simultaneously 
employed 

wP 

(hundreds  of  ib  pe'  missile) 

Fig.  !  — Multi  pie  missile  survival 

Far  this  case,  then,  depending  on  the  anticipated  employment,  several 
seta  of  optimum  allocations  could  be  obtained  for  each  payload  weight.  In 
order  to  be  of  use  in  the  design  process,  an  analysis  using  the  method  prob¬ 
ably  would  need  to  be  done  when  the  mi  a  Bile  is  in  the  preliminary  design 
stage.  It  does  not  appear  likely  that  the  number  of  missiles  that  will  be 
employed  against  a  particular  target  would  be  known  at  that  tine.  Indeed, 
even  the  number  of  such  missiles,  to  be  procured  and  emplaced  probably  would 
not  be  known  at  that  time.  Moreover,  because  of  failures  during  launch  or 
powered  flight,  or  because  of  enemy  action,  the  number  of  missiles  that  is 
actually  ecployed  simultaneously  may  be  different  than  the  number  planned. 
Therefore,  a  caspramise  based  perhaps  on  seme  plausible  or  conservative  num¬ 
ber  of  missiles  per  target  probably  would  be  necessary. 

In  considering  the  simultaneous  employaerrt  of  purely  penetration-aid 
missiles  (no  warhead)  and  purely  warhead  missiles  (no  penetration  aids), 
the  fora  of  the  objective  function  employed  above  would  need  to  be  modified 


to 


.  Pn  -  !  -  (X  - 
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where, 


(m,n) 


P  (survival  of  each  warhead  -  carrying  missile  when  m  penetration 

a 

aid  and.  n  warhead  missiles  are  simultaneously  employed) . 

As  before,  PQ  will  be  a  max.1m.im  when  a  maximum.  Under  the 

assusptions  used  the  design  of  the  warhead  missile  will  be  optimum  at  tbe 
levels  of  v  and  w  that  maximize  p,  ;  eujd  this  con  be  obtained  as  before*  Osx 

g  V  ' 

(a,n) 


the  other  band,  p 


s 


,  in  addition  to  depending  on  the  levels  of  m  and  n. 


would  be  a  function  of  the  mix  betveen  penetration  aids  and  guidance  on  the 
penetration-aid  missile.  A  discussion  of  the  desirability  or  design  of  a 
penetration-aid  missile  is  beyond  the  scope  of  thl3  paper. 


gBQPEBTIAL  BMPLCKMEHT 

Multiple  missiles  can  also  be  employed  in  a  sequential  manner  against  a 
target.  In  this  case,  because  of  maintenance  (a  particular  missile  may  be 
"down"  awaiting  maintenance  when  hostilities  begin),  and  the  operational  sad 
reliability  considerations  discussed  above,  it  does  not  appear  plausible  to 
assign  a  rigid  a  priori  sequence  to  a  set  of  missiles  that  are  to  be  directed 
against  a  particular  target.  A  fixed  sequence  could  be  difficult  to  obtain 
operationally.  Therefore,  this  analysis  will  be  based  upon  the  assumption 
that  all  missiles  of  a  class  will  have  the  same  design  parameters  rather  than 
special  payload  designs  geared  to  the  anticipated  sequence  of  eaployaent .  This 
argument  is  strengthened  by  the  consideration  that  because  of  the  changing 
pattern  of  targets  and  of  veep  on  demands,  the  number  of  weapons  to  be  pro¬ 
grammed  against  a  target  is  probably  also  time- variant.  With  these  consider¬ 
ation*  la  mind,  then,  the  analysis  will  be  directed  to  find  an  optimum  division 
of  payload  that  is  independent  of  sequence  of  launch  fvsd  of  the  number  launched. 
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Considering  the  first  ease  where  two  missile's  are  employed,  and  chang 
lag  notation  slightly,  for  the  first  missile, 

P^*P  (first  missile  survives  the  defeases  and  destroys  the  target) 


which  is,  ss  before 


P 


(1) 


s 


For  the  second 
all  the  p^  are 


(first  missile  survives) 

missile,  assuming  no  additive  effects  of  destruction  so  th^c. 


identical 


where,  by  decomposition 


(2)  .  (2/1)  (1)  +  (2A)(1  .  p  dl) 


where 


(2/1) 

U/I) 


“Therefore, 


■  P  (mi sails  two  survives  given  that  missile  one  survived) 
m  P  (missile  two  survives  given  that  missile  one  did  not  survi  -e) 

P2  ‘  [ps(2A)p.(l)  +  I’S(2/I)<1  -  ps(l>)]  pk 


TSy  making  the  conservative  aasuaqption  that  the  enemy*  s  missile  defense 

* 

has  no  weaknesses,  e.g. ,  has  no  rate-of-fire  or  stockpile  limitations,  it 
can  be  stated  that 


(2/i)  .  „  d) 


'  S 


If  it  is  postulated  that  the  enemy's  defenses  would  have  either  rate- 
of-fire  or  stockpile  limitations,  the  sequential  ea^loysasat  oz  penetration 
aid-carrying  missiles  followed  by  vaihead- carrying  missiles  could  appear 
interesting.  However,  the  desirability  of  that  tactic  and  the  df-rislon  of 
the  penetration-aid  missile  payloads  are  problCTE  beyond  the  scope  of  this 
paper.  Under  the  sode-cf -destruction  aasucpticns  es^loyed  the  warhead 
missile's  payload  would,  obviously  be  designed  for  saxjjBca  as  before. 
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Then 


[■ 


(2/1}  (1)  (1)  .  ,  ( IKS' 

2  I  ^8  '^B  ’ 


-  >i  [P.(£A)  *  i 

-  px  ♦  pi  [V 2/1)  -  p0(I)] 


where  it  appears  reasonable  to  assume  that 

pb(2/1)  £  ps(1)« 

and  following  from  the  previous  assumptions  about  the  eaeasy  defenses, 

p,(2/1)  >  p.(1>- 

only  if  the  first  missile  damaged  the  defenses. 


Let 

A  Pg  °  P^1*  ~  PsVl^  0  5  A  Ps  $  1 

thm 

?2-pl+?l^i 

where  it  can  be  reasoned  that  a  P8  18  <^tenaiwsd  primarily  by  the  enasy. 

For  two  arissilee,  employing  the  saae  destruction  assumptions  as  before, 
it  appears  that  a  reasonable  objective  is  to  maximize 

P  *  P  (at  least  aae  missile  survives  the  defenses  and  destroys  the 
target) 

- 1  -  a  -  f,Ki  -  pa> 

-  1  -  (1  -  Pj^Kl  -  ^  M>#) 

-?-h'  p-.2  *M*.  -  V a ps 

Slis  means  that  the  over-all  probability  of  mission  success  is  dependent 
or  both  P-.  and  A  p  »  But,  rtp.  i*  dependent  oriaarlly  on  the  defenses  (bov 

X  0  w  5 


P-1839 

■%  r» 

JL£ 

they  are  built,  operated,  etc.),  aai  therefore,  the  offense  should  probably 
plan  cm  the  vccrsrt  case,  vhlch  is  A  p  s  0.  ibis  means  that  the  defenses  are 
totally  unaffected  by  the  ocployaent  of  the  first  weapon. 

&5O  oying  this  conservative  operational  assumption  then,  the  problem 
becomes  that  of  choosing  levels  of  vg,  and  go  &s  to  maxijaize 

r  ■  2  ri  -  ri 

"'ll*  is  seem  to  be  the  probability  that  either  of  tvo  missiles  destroy 
the  tar»ret,  if  each  missile  is  of  the  same  design  and  mist  penetrate  the  sane 
defenses.  Ibis  function  increases  nonatonically  vith  pi<  is  a  wny-frann  for  P., 
a  sxkxLzam,  and  therefore,  the  single  missile  per  target  data  and  optimization 
method  are  applicable  to  this  situation.  Although  developed  for  the  tvo- 
■weapon  case,  it  can  be  seen  by  induction  that  this  result  is  applicable  to 
all  numbers  ocf  sequential  missiles  as  long  as  the  conservative  assumptions 
relative  to  effects  cm  defenses  and  destruction  phenomena  remain  reasonable. 
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HYPOTHETICAL  EXAMPLE  OF  APPLICATIOS 

Assure  that  far  a  defended  point  target  of  given  hardness,  the  functions 
g(vg),  ^iVy)  and  Ps(vp)  are  as  given  in  Fig.  2.  The  first  step  in  the  weight 
allocation  process  is  to  find  p^(V),  for  several  levels  of  W.  This  is  done 
in  Table  1. 

Table  1 

\ 

ESTEHMIHA2I0S  OF  MAXIMUM  p, 

k 


CptiaLun 

Sub- allocation. 

_ - _ 

P  To 

(lb) 

f(v)asz 

v  I 

v  ! 

V 

g 

(_f(W)nax_j 

hS*' 

500 

0.22 

| 

200 

300 

0.043 

0.97 

0.03 

600 

0.25 

230 

400 

0.063 

0.96 

o.o4 

700 

0.27 

200 

500 

0.073 

0.95 

0.05 

0.32 

200 

600 

0.102 

0.93 

0.07 

500 

0.34 

300 

600 

0.H6 

0.92 

0.08 

1000 

0.3G 

300 

700 

0.14? 

0.90 

0.10 

1100 

0.42 

300 

600 

0.176 

0.88 

0.12 

1200 

0.47 

200 

0.221 

0.86 

0.14 

1300 

0.54' 

200 

1100 

0.292 

0.82 

0.18 

itoo 

0.62 

L 

200 

! 

_ , _ 

0.385 

.  , - ,  — 

o.77 

0.23 

Brsqpla: 


f(500)  is  fixed  ay  the  arbitrary  constraints  an  v  and 

g 


v 

V 


0.43 

“  2.00 


D_n  Ron 


CEP,  LR,  and  ps  as  a  function  of  weig 


f(600)  is  the  nyrtsa  of  the  two  ccobinstions 


h(200 


)  _  0.43  .  h(300)  -  0. 

J'lrft  '  tm  T. 


43 

2355 


f (700)  is  the  of  the  three  ccEhinatians 


))  „  0.43  .  h(400)  _  0. $2 
0  3275  '  itW  "  ^06 


h(aoo)  _  0.43  .  b( 

steoT  Tiff  ’  gt 

As  can  be  sees*,  this  process  is  straightforward  and  quite  rapid. 

The  value  of  p^(V)  as  a  function  of  W  is  nov  known.  Ihe  second  step 

uses  this  jaudjasa  p.  and  the  associated  nix  between  v  and  v  to  obtain  the 

a  g  « 

wriBM  value  of  P,  for  each  level  of  W,  or  a  particular  value  of  W.  The 
procedure  for  obtaining  P(w)  is  shown  in  Table  2. 


Table  2 

ISTEaCEATIOS  0?  MAXIMUM  ? 


H 

(u>) 

V* 

V 

V* 

S 

Pk(*>* 

i  Kw) 

vp 

500 

200 

300 

0.03 

i 

i 

1  **“ 

1 

600 

200 

400 

o.o4 

1 

1 

_ 

700 

200 

500 

0.05 

0.01 

200 

800 

200 

600 

0.07 

0,02 

200 

900 

300 

600 

0.0o 

0.02 

300 

1000 

300 

700 

0.10 

0.03 

200** 

1100 

300 

800 

0.12 

0.04 

300 

1200 

200 

200C 

0.14 

0.04 

400 

1300 

200 

1100 

0.13 

*  0.0? 

300 

i4oo 

200 

1200 

0.23 

0.06 

300 

1500 

• 

0.07 

300 

*Bepeated  free  Table  1. 

**Tfais  ancoaly  is  caused  by  the  jurp  of  py(V)  facets  0.G5 
to  0.07,  which  in  turn  is  a  result  of  the  nuaber  of  signifi¬ 
cant  figures  employed. 


Sxacple; 


r>_'*  A"?o 
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P<700)  1*  fixed  by  the  arbitrary  constraints  on  v  and  v^. 

^700)  -  (ps(2CO)) (^(500))  -  (0.to)(0.03) 

?(800)  is  the  awjfiriga  of  the  tvo  ccnbinations 

(p8(200))  (p-jGOoj)  -  (0.to)(0.0fc) 

(p8(300))  (1^(500))  -  (0.52X0.03) 

P(900)  is  the  aarirsa  of  the  three  caabinations 
(ps(SX)J)  (1^(700))  -  (o.to)(o.Q5) 

(ps(300))  (p,£(6CO))  *  (0. 52) (0.04) 

(p.(to)J)  (^(500))  **  10.60){0.03),  and  so  forth* 

par  this  hypothetical  eaca^ple,  Table  2  show*  that  for  the  range  of  pay- 

load  between  500  am  1500  lb,  the  value  of  ?  varies  between  0.01  and  0-07, 

end  that  the  cptissun  varies  fras.  2C0  to  too  lb.  Table  2  also  snows  the 

best  allocation  of  weight  to  guidance  and  warhead  for  each  level  of  V. 

To  find  each  optima  division  consider,  for  examle,  that  the  missile 

payload  is  to  be  1200  lb.  Far  this  case  one  would  enter  the  table  at 

y  *  1200  lb,  and  read  frar  the  P(V)  column  that  the  naxiiasa  P(l200)  *■  0.0^, 

and  is  obtained  using  *  too.  The  regaining  800  lb  is  tc  be  divided 

v  v  .  Entering  the  table  again  with  W  *>  QOO  lb,  the  optima  zxix 
v  g 

of  v  v  is  read  free,  their  columns  and  is  seen  to  be 
w  g 

v  -  200  lb 
V 

V  -  600  lb 
g 

mv.i*  inforEfttloa  is  presented  on  Fig.  3  far  the  entire  range  of  missile  pay¬ 


loads  examined. 


Guldonce 
PertfltroMon  olds 
Warhead '  . 


P-l  R'i.O 
—  —  - 
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U3CITA1IQ55  OH  UTILITY  OF  HSTBDD 

The  method  presented  vu  developed  to  solve  a  specific  set  of  problems. 

It  is  essentially  a  simple  method  and  given  the  data  required,  will  afford 
quantitative  results  far  the  optimization  criteria  considered.  But,  as  was 
seen  the  analysis  la  based  upon  several  design  and  operational  considerations; 
the  vary  nature  of  which  will  restrict  the  utility  of  the  method  for  design 
purposes.  First,  because  of  design,  development,  and  emplacement  time  and 
costs,  it  appears  reasonable  to  expect  that  all  missiles  of  e  class  will  be 
equipped  with  identical  warheads,  guidance  packages  and  penetration  aids.  Cn 
the  other  hand,  it  may  be  unreasonable  to  expect  that  all  the  targets  for 
these  missiles  will  have  the  same  vulnerability  and  defenses.  A  design  that 
is  optima  for,  say,  the  esplcysent  of  a  single  missile  against  one  target 
combination  of  hardness  and  defense  capability  may  not  be  qptir m  for  the 
employment  cf,  say,  two  or  three  missiles  against  another  target  ccabinatiGn. 

A  logical  can?  rods*  night  be,  however,  to  choose  the  design  that  is  cptiEem 
far  anticipated  employment  against  the  nost  important,  set  of  targets  and  which 
also  retains  a  high  capability  for  other  targets.  She  method  of  this  paper 
would  be  useful  in  this  design  ccmpronise  context. 

Secondly,  the  guidance  accuracy  ia,  in  general,  dependent  upon  the  range 
to  target,  and  all  targets  far  &  class  of  missiles  are  certainly  not  at  the 
same  range.  Sere  again,  ctasprcciaes  would  be  necessary  if  this  method  is 
used. 

A  more  detailed  analysis  could  possibly  be  esployed  to  take  account  of 
these  many  intractable  design  and  ecployaent  conditions.  For  example,  an 
analytic  method  probably  could  be  developed  that  would  consider  the  use  of 
the  proposed  missile  against  a  large  group  of  targets  of  varying  worth, 
defense  strength,  and  vulnerability.  In  the  li^sdt  of  the  problems  raised 
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above  and  during  the  analyses,  however,  it  is  not  deer  that  a  sore  detailed 
analysis  is  warranted.  5be  c  ssign  decisictis  addressed  in  this  paper  would 
need  to  be  wade  early  in  the  B&D  prognsa  far  &  nisaile,  and  would  therefore 
be  baaed  on  early  cquipasct  (e.g. ,  -what  will  be  the  achievable  CZP  for  a 
given  weight  and  range  to  target)  and  intelligence  (c.g.,  what  defenses  will 
the  Camay  employ  for  each  target)  estl antes  and  early  estimates  of  anticipated 
aEploymert  (e.g.,  hov  aany  aissi.les  will  be  ecyloyed  against  each  target  and 
with  What  timing) .  Bach  of  these  could  change  substantially  before  the 
frtsalle  became  operational,  and  the  design  that  was  cptiaal  early  In  the  BSD 
program  would  ultimately  become  only  a  cccprced.se. 

Pexhaps,  then,  the  greatest  worth  of  a  pre-design  analysis  using  this 
method  or  any  similar  method,  is  that  it  would  focus  attention  on  the  influence 
of  the  aeveroi  required  design,  esployaeat  and  intelligence  estimates  an  the 
cptistac  payload  division.  A  quantification  of  this  influence  and  an  analysis 
of  the  sensitivity  of  the  design  to  the  range  of  estimate  uncertainty  could 
serve  as  a  uaeful  point  of  departure  for  design  caeprcdsea.  Depend!^  on 
the  degree  of  estimate  uncertainty,  a  sensitivity  analysis  could  strengthen 
•the  apparent  utility  of  any  particular  set  of  design  parameters.  Fortunately, 
the  number  of  variables  esployed  in  this  analysis  is  sufficiently  saall  that 
the  affect*  of  uncertainty  in  a  particular  estimate  could  be  cJ  .early  seen. 
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